Introduction
The use of statin therapy for secondary prevention has been clearly established in all age groups. However, the role for statin therapy in primary prevention in the elderly remains a subject of debate, with little evidence for or against its benefit. [1] [2] [3] [4] The available evidence is mainly derived from subgroup and post hoc analyses of the data of randomized trials. [5] [6] [7] [8] The results of these analyses in elderly individuals treated for primary prevention are inconsistent in terms of the effect on cardiovascular morbidity, while most studies reported a non-significant effect of statin therapy on allcause mortality. Two relevant interventional studies have recently been launched, but their findings are expected only after 2020. 9 Consequently, the European guidelines on the management of dyslipidaemias and on cardiovascular disease prevention in clinical practice, respectively, provide no recommendation for or against statin use for primary prevention in persons older than 75 years and the 2018 American College of Cardiology-American Heart Association (ACC-AHA) guidelines simply recommend a shared decision-making process between clinicians and these patients that targets individualized decisions, with regular reassessments over time. [10] [11] [12] However, for older adults with a coronary artery calcium (CAC) score of 0, the likelihood of benefits from statin therapy does not outweigh the risks, according to the ACC-AHA guidelines. The three guidelines underline that in older patients lipid-lowering medication should be started at a lower dose than in younger subjects.
A particularly relevant practical question is whether existing statin therapy can be stopped in older people with no history of cardiovascular disease. This issue currently concerns a large proportion of the population over the age of 75 years as well as large numbers of people under the age of 75 years currently taking evidence-based treatment with statins and reaching ages for which only limited evidence of efficacy is available. 13, 14 None of the above mentioned guidelines provide specific recommendations for statin discontinuation for primary prevention in persons older than 75 years, except in older adults with severe age-related management complexities. To the best of our knowledge, no study has evaluated the impact of discontinuing primary prevention with statin therapy in older people.
We therefore conducted a study to assess the effect of statin discontinuation on cardiovascular outcomes in patients who turned 75 in 2012-14, previously adherent to statin therapy for at least 2 years with no history of cardiovascular disease, using the French healthcare databases.
Methods

Study design and data source
This retrospective cohort study was based on data derived from the French national health insurance claims database [Système National d'Information Inter-Régimes de l'Assurance Maladie (SNIIRAM)], which contains information on all health spending reimbursements and which is linked to the French hospital discharge database. 15 Hospital discharge diagnoses and diagnoses related to specific health insurance benefits are recorded using the International Classification of Diseases, 10th revision (ICD-10). Clinical procedures are coded according to the French procedure classification [Classification Commune des Actes Médicaux (CCAM)] and drugs are coded according to the Anatomical Therapeutic Chemical (ATC) classification. Information on individual drug use is usually not available for patients admitted to hospital or a skilled nursing home with an internal pharmacy. Apart from these exceptions, comprehensive data are available for statin use, in particular, as statins are available by prescription only and all statin prescriptions are reimbursed. This study was approved by the French data protection agency [Commission Nationale de l'Informatique et des Libertés (CNIL)]. All databases used in this study only contain anonymous patient records.
Study population
All patients who turned 75 in 2012-14 and with a statin medication possession ratio (MPR) of at least 80% in each of the previous 2 years were eligible ( Figure 1 , Take home figure). Patients with a diagnosis of cardiovascular disease or a related in-hospital procedure in the previous 2 years (codes in Supplementary material online, Table S1 ) and patients taking at least one of the following treatments during this period were excluded: (i) combined use of aspirin and another antiplatelet agent, (ii) combined use of antiplatelet agent, b-blocker, and angiotensin-converting enzyme inhibitor (ACEI) or angiotensin II receptor blocker (ARB) or aliskiren, and (iii) long-term treatment with an antiplatelet agent other than aspirin (at least three prescriptions filled over 1 year). Time was divided into calendar months, where month 0 refers to the month of the person's 75th birthday.
Exposure
Statin exposure was modelled as a time-varying variable and was initially measured on a daily time-scale (days covered by the prescription) as described in detail in Supplementary material online, Table S2 . Statin therapy was considered to be discontinued when the person presented three consecutive months without exposure.
Outcome variables and follow-up
The outcome was hospital admission for a cardiovascular event (ICD-10 and CCAM codes in Supplementary material online, Table S1 , classified as coronary, cerebrovascular, and other vascular events).
Follow-up started at month 3 and continued until: (i) outcome, (ii) censoring for resumption of statin therapy after discontinuation, admission to a skilled nursing home with an internal pharmacy, or death, or (iii) December 2015, whichever occurred first ( Figure 1 ).
Covariates
Baseline covariates included sex, deprivation index of the area of residence, residence in a skilled nursing home (without an internal pharmacy), cardiovascular drug use, comorbidities, frailty indicators, and hospital admission (total length of stay, elective, or emergency admission). Corresponding time-varying covariates were assessed monthly during follow-up. Detailed definitions are presented in Supplementary material online, Table S3 .
Statistical analysis
A weighted Cox proportional hazard model (a so-called marginal structural Cox model) was used to estimate the hazard ratio (HR) of statin discontinuation vs. continuation, controlling for baseline and time-varying confounding. [16] [17] [18] Each patient's contribution to the risk set for a given month t was weighted by the inverse of the probability of the patient's treatment history taking into account the patient's covariate history. In order to also correct for potentially informative censoring at the time of treatment resumption, the patient's initial weight was multiplied by the inverse probability of remaining uncensored up until month t, taking into account the patient's covariate history. Details, including information on weight truncation, are provided in Supplementary material online, Figure  S1 and Table S2 . All baseline and time-varying covariates listed in Table 1 and Supplementary material online, Table S4 , as well as the year of the 75th birthday, were used for weight calculation (except for the use of other lipid-lowering agents during follow-up, as it is strongly recommended to omit weak confounders that are strongly associated with treatment 17 ).
Predefined subgroup analyses, including tests for effect heterogeneity, were performed, as well as analyses separately considering hospital Effect of discontinuing statins for primary prevention at the age of 75 years
admission for coronary, cerebrovascular, and other vascular events, each with censoring at admission for one of the two other types of cardiovascular event.
Sensitivity analyses focused on the impact of weight truncation and the role of the various covariates in adjustment, as well as the impact of the definition of statin discontinuation and the sensitivity with respect to the use of other lipid-lowering agents during follow-up.
In complementary analyses, conventional multivariate Cox analyses were performed and hospital admission for renal colic (ICD-10 codes N20, N21, N23) was used as a negative control outcome to evaluate the healthy-adherer effect.
All calculations were performed using SAS, version 9.2 software (SAS Institute Inc.). P < 0.05 (two-tailed) was considered to be statistically significant.
Results
A total of 120 173 patients were included in the study ( Figure 2) . The mean duration of follow-up was 2.4 years (maximum 4 years). Baseline and time-varying characteristics are summarized in Table 1 and described in detail in Supplementary material online, Table S4 . A total of 5396 patients were admitted for cardiovascular events, corresponding to a crude incidence rate of 2. 
Statin exposure and predictors of discontinuation and resumption
Total follow-up was 3 067 730 patient-months, including 176 373 (5.7%) patient-months after discontinuation of statin therapy.
The most important factors related to statin discontinuation were hospital admission during follow-up [adjusted odds ratio (aOR) up to 3.28 ], admission to a skilled nursing home (aOR 2.66), metastatic solid tumour (aOR 2.22) , and initiation of enteral or oral feeding (aOR 2.13). Discontinuation of ACEIs, ARBs, or aliskiren during follow-up increased the probability of statin discontinuation (aOR 1.68), while initiation of these drugs during follow-up and continuation of baseline use both decreased this probability (aOR 0.89 and 0.75, respectively). A similar impact on statin discontinuation was also observed for most other cardiovascular drugs. Important factors related to subsequent resumption of statin therapy were use of antiplatelet agents other than aspirin (aOR 2.04), use of oral antidiabetic agents (aOR 1.54), use of insulin (aOR 1.52), metastatic solid tumour during the previous 2 years (aOR 0.42), and residence in a skilled nursing home (aOR 0.33). The estimated exposure model and the estimated model of treatment resumption are described in detail in Supplementary material online, Table S5 . Note that these models determine the weights used to estimate the effect of statin 
discontinuation consequently allowing adjustment for all of the abovementioned factors.
Among the 17 204 patients who discontinued statin therapy, 7336 (42.6%) resumed statin therapy during follow-up.
Cardiovascular events after statin discontinuation
The crude HR for admission for a cardiovascular event, comparing statin discontinuation vs. continuation, was 1.26 (95% CI 1.14-1.40), while the adjusted HR was 1.33 (95% CI 1.18-1.50). Four years after the 75th birthday, the corresponding adjusted cumulative incidence rate was 10.1% (95% CI 8.8-11.3%) for statin discontinuation vs. 7 .6% (95% CI 7.3-7.9%) for statin continuation (Figure 3 , Take home figure) .
Subgroup analyses based on baseline characteristics showed no significant effect heterogeneity across sex, diabetes, antihypertensive drug use, presence of at least one of the comorbidities, and frailty indicators considered or intensity of statin therapy (Figure 4) . In patients with diabetes at baseline, the estimated effect of statin discontinuation was not statistically significant.
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Take home figure
In 75-year-old primary prevention patients previously adherent to statin therapy for at least 2 years, discontinuation of statins was associated with an increased risk of admission for a cardiovascular event. Cumulative incidence functions were adjusted for confounding due to baseline and time-varying covariates using inverse probability of treatment and censoring weighting. 95% confidence intervals are indicated by hatched curves. Under the assumptions required by this method (see Supplementary material online, Table S2 ), the cumulative incidence estimated for statin discontinuation represents the experience of the entire study population had all individuals discontinued statins right from the beginning of follow-up. The cumulative incidence estimated for statin continuation represents the experience of the entire study population had no individuals discontinued statins during follow-up.
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Sensitivity and complementary analyses
The results were not sensitive to the weight truncation levels used (Supplementary material online, Table S6 ). Cardiovascular drug use had the greatest impact on adjustment, followed by hospital admissions during follow-up, sex, and comorbidities (Supplementary material online, Table S7 ). When statin discontinuation was defined as 6 months without exposure to statins, the crude and adjusted HR for admission for a cardiovascular event were 1.23 (95% CI 1.09-1.38) and 1.34 (95% CI 1.18-1.53), respectively. For a 12-month gap, the crude and adjusted HR were 1.17 (95% CI 1.01-1.36) and 1.28 (95% CI 1.08-1.51), respectively. Sensitivity analyses concerning the use of other lipid-lowering agents during follow-up showed consistent results (Supplementary material online, Table S8 ).
The HR for admission for a cardiovascular event, estimated by a conventional Cox model using the same baseline and time-varying covariates, was 1.26 (95% CI 1.13-1.41) (Supplementary material online, Figure S3 ).
Finally, no significant association was observed between statin discontinuation and admission for renal colic: crude and adjusted hazard ratio (aHR) were 1.22 (95% CI 0.89-1.68) and 1.13 (95% CI 0.78-1.63), Data are expressed as number (column %). For cardiovascular drug use, the baseline values refer to the year preceding the 75th birthday and follow-up values refer to months m-3 to m-1. Baseline characteristics for comorbidities and the listed frailty indicators were identified during the 6 years preceding the 75th birthday, and once detected, a comorbidity or frailty indicator was assumed to persist until the end of follow-up, except for cancer. Details of certain characteristics, e.g. antihypertensive agents, cancer, and previous hospital admissions (total length of stay and emergency admission), as well as additional characteristics are given in Supplementary material online, Table S4 .
a Data refer to patients present in the study at the beginning of the month considered. Note that follow-up started at month 3 after the month of the 75th birthday and did not exceed month 47 and that follow-up stopped at the time of resumption of statin therapy (after discontinuation). b Statin exposure was determined as indicated in the text, while exposure to other drugs was identified by the presence of at least one filled prescription.
Discussion
In this nationwide population-based study in 75-year-old primary prevention patients previously adherent to statin therapy for at least 2 years, discontinuation of statins was associated with an increased risk of admission for a cardiovascular event (þ33%). This association was stronger for admissions for coronary events than for admissions for cerebrovascular events (þ46% and þ26% increased risk, respectively). Sensitivity analyses showed consistent results.
Statin discontinuation rate
A low statin discontinuation rate was observed in this population with a mean follow-up of 2.8 years (14.3% of patients). Nevertheless, as indicated in Figure 2 , the underlying general population of 75-yearold individuals was characterized by a high prevalence of statin use and poor adherence to statin therapy: 43% were treated with statins during the previous 2 years, but 44% of these patients had a statin MPR < 80% for at least 1 of the 2 years. These figures are similar to data from other studies. In the UK, prevalent statin use was observed in 49% of individuals 80 years and older (in 2011-15) and, in the US (in 2005-08), in 45% and 39% of men and women 75 years and older, respectively. 13, 14 A recent meta-analysis of data from over 40 countries reported a 40% non-adherence rate among statin users 65 years and older (MPR < 80% or similar criteria). 19 The low discontinuation rate in our final study population can likely be explained by the selection of patients who had been previously adherent for at least 2 years. For patients previously adherent to statin therapy for at least 1 year, another French study reported a probability of statin discontinuation of 9-12% at 9-month follow-up (in which discontinuation was defined as two consecutive months without exposure). 20 Finally, some of the predictors of statin discontinuation observed in our study, e.g. female gender, dementia, and cancer, have also been identified in another recent meta-analysis in older statin users. 21 
Cardiovascular events after discontinuation of statin therapy
Some studies have tried to specifically address the value of statins in the elderly population. 
121,621 paƟents treated for primary prevenƟon
Exclusion (constraints imposed by study design):
• 531 (0.4%) paƟents who experienced the main outcome before m=3 • 326 (0.3%) paƟents who experienced a censoring event before m=3 (198 paƟents died) • 591 (0.5%) paƟents who could not be observed over the whole period from m=-72 to m=-1 120,173 paƟents present at the start of follow-up at m=3 Figure 2 Patient selection flow chart. a Medication possession ratio, calculated as the sum of the days with exposure to statins over the period considered divided by the total number of days in this period. Statin exposure was determined as indicated in the text. b At least one of the following therapies: (i) combined use of aspirin and another antiplatelet agent (prescriptions filled on the same day), (ii) combined use of antiplatelet agent, b-blocker, and angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker or aliskiren (prescriptions filled on the same day), (iii) longterm treatment by an antiplatelet agent other than aspirin (at least three prescriptions filled during at least one of the 6 years before the 75th birthday). Time was divided into calendar months. Month m = 0 refers to the month of the 75th birthday.
Effect of discontinuing statins for primary prevention at the age of 75 years
Pravastatin in the Elderly at Risk) trial 5 evaluated the effect of pravastatin 40 mg on the risk of cardiovascular events in people aged 70-82 years (mean age 75 years). In the primary prevention subgroup of 3239 patients, statin therapy did not significantly reduce the incidence of coronary heart disease and stroke vs. placebo.
Based on data from the JUPITER (Justification for Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin) trial, comparing Rosuvastatin 20 mg vs. placebo in patients with no history of cardiovascular disease and high C-reactive protein and low lowdensity lipoprotein (LDL) cholesterol levels, subgroup analysis in the 5695 participants aged 70 years or older (median age 74 years) showed a significant reduction of cardiovascular events (HR 0.61, 95% CI 0.46-0.82), but not all-cause mortality (HR 0.80, 95% CI 0.62-1.04). 6 The meta-analysis of primary prevention by Savarese et al., 22 based on eight trials including 24 674 people over the age of 65 years with a mean age of 73 years concluded that statins vs. placebo significantly reduced the risk of myocardial infarction by 39.4% (95% CI 15.3-56.6%) and the risk of stroke by 23 .8% (95% CI 7.4-37.4%), but statins did not provide any significant benefit on the risk of cardiovascular or all-cause mortality.
The recent meta-analysis by the Cholesterol Treatment Trialists' Collaboration, based on 28 trials, included a subgroup of 6449 primary prevention patients older than 75 years. 23 Within this subgroup, Figure 3 Adjusted cumulative incidence of hospital admission for cardiovascular events according to statin use. Follow-up started at month 3 after the month of the 75th birthday. Cumulative incidence functions were adjusted for confounding due to all baseline and time-varying covariates listed in Table 1 and Supplementary material online, Table S4 (except for the use of other lipid-lowering agents during follow-up), plus the year of the 75th birthday, using inverse probability of treatment and censoring weighting. 95% confidence intervals are indicated by hatched curves. Under the assumptions required by this method (see Supplementary material online, Table S2 ), the cumulative incidence estimated for statin discontinuation represents the experience of the entire study population had all individuals discontinued statins right from the beginning of follow-up. The cumulative incidence estimated for statin continuation represents the experience of the entire study population had no individuals discontinued statins during follow-up. CI, confidence interval; HR, hazard ratio
cardiovascular incidence rates of 2.7 and 2.8 per 100 patient-years were found for the patient groups 'statin or more intensive treatment' and 'controls or less intensive treatment', respectively, corresponding to a rate ratio per 1 mmol/L reduction in LDL cholesterol of 0.92 (95% CI 0.73- 1.16 ).
In an observational study, Orkaby et al. 24 considered 7213 men aged 70 years or older from the Physicians' Health Study and found that baseline statin primary prevention was associated with an 18% lower risk of all-cause mortality (aHR 0.82, 95% CI 0.69-0.98) and a non-significantly lower risk of cardiovascular events (aHR 0.86, 95% CI 0.70-1.06). Ramos et al. studied the impact of initiation of primary prevention with statins at the age of 75 years or older using primary care data in Catalonia, Spain. For the subgroup of patients aged 75-84 years, they compared 5545 new statins users with 33 439 never users, and found that statin initiation was not associated with a reduction of coronary heart disease and/or stroke in patients without diabetes (aHR 0.94, 95% CI 0.86-1.04), but with a significant reduction in patients with diabetes (aHR 0.76, 95% CI 0.65-0.89). 25 It is difficult to directly compare our results with those of these studies due to the marked differences in terms of methodology, particularly as none of the abovementioned studies compared statin discontinuation vs. continuation and most studies examined patients aged 65 or 70 years and older.
The elderly population is biologically heterogeneous in terms of frailty, comorbidities, and functional and cognitive capacities. 1, 26 The main analysis of the present study comprised adjustment for comorbidities and frailty indicators, but omitting these covariates from adjustment only slightly modified the estimated HR (Supplementary material online, Table S7 ).
In our subgroup analyses, the intensity of statin therapy at baseline had little influence on the estimated effect of statin discontinuation. Compared to patients treated with moderate-or high-intensity statin therapy, patients with low intensity statin therapy less often presented cardiovascular drug use at baseline (e.g. antiplatelet agents: 20.7% vs. 25 .6%; antidiabetic agents: 21.1% vs. 28 .0%) and a slight lower rate of comorbidities (e.g. chronic pulmonary disease: 17.1% vs. 18 .5%). The most notable difference concerned the type of statin used at baseline (e.g. pravastatin: 73.2% vs. 7 .1%). Our comparison between intensities of statin therapy could therefore be misleading in the presence of heterogeneity of effects according to the type of statin. Further research on the effect of discontinuation of individual statins in older primary prevention patients is warranted.
In our study, the adjusted HR for admission for a cardiovascular event, comparing statin discontinuation vs. continuation, was 1.14 (95% CI 0.89-1.44) and 1.41 (95% CI 1.23-1.62) depending on whether diabetes was present at baseline or not. The difference can be partly explained by the higher baseline risk in patients with diabetes. For statin continuation, the adjusted cumulative incidence rate of admission for a cardiovascular event 3 years after the 75th birthday was 7.6% in diabetic patients and 5.0% in non-diabetic patients. For statin discontinuation, these rates were 10 .0% and 7.2%, respectively, which means that, compared to statin continuation, these rates were 2.4 and 2.2 percentage points higher in diabetic and non-diabetic patients, respectively. Therefore, although the rate differences comparing statin discontinuation to continuation were similar in diabetic patients and in non-diabetic patients, the relative rate increase was lower in diabetic patients than in non-diabetic patients. Compared to non-diabetic patients, diabetic patients had actually more often cardiovascular drug use at baseline (e.g. antihypertensive agents: 87.7% vs. 75.5%; antiplatelet agents: 35.1% vs. 20 .5%), comorbidities (e.g. chronic pulmonary disease: 20.5% vs. 17 .3%), and frailty indicators (e.g. wheelchair: 2.4% vs. 1.6%). However, further investigation of the effect of statin discontinuation in older primary prevention patients with diabetes is needed. Table 1 and Supplementary material online, Table S4 (except for the use of other lipid-lowering agents during follow-up), plus the year of the 75th birthday. The result for the fluvastatin subgroup was omitted due to the small sample size of this subgroup (a total of 6345 patients with 11 and 277 events on statin discontinuation and continuation, respectively). CI confidence interval; HR, hazard ratio.
Effect of discontinuing statins for primary prevention at the age of 75 years Our results are consistent with the reported relationship between LDL levels and cardiovascular risk. According to the consensus statement from the European Atherosclerosis Society Consensus Panel, there is strong and consistent evidence from genetic studies, prospective epidemiologic cohort studies, Mendelian randomization studies, and randomized intervention trials (including statin, PCSK9 inhibitor, and ezetimibe trials) that LDL is not merely a biomarker of increased risk, but a causal factor in the pathophysiology of atherosclerotic cardiovascular disease. 27 Observational studies and a Mendelian randomization study demonstrated that the LDL cholesterol level remained related to cardiovascular risk and mortality even at an advanced age. 28, 29 However, multiple comorbidities, often present in older patients, could modify the LDL-lowering effect of statins or amplify their side effects.
Strengths and limitations
This study, based on a population of 120 173 individuals aged 75 years at study entry derived from the comprehensive French healthcare databases, focused on patients of a given age in order to address a practical clinical issue: whether or not to stop statin primary prevention at the age of 75.
Observational studies with time-varying exposure are particularly challenging. One of the strengths of the present study is the use of marginal structural models designed to appropriately correct for time-varying confounders affected by previous exposure and for informative censoring. These models are increasingly used in pharmacoepidemiologic studies, including studies on statins. 30 In this study, they allowed, in particular, adjustment for discontinuation of other cardiovascular drug therapies and other time-varying factors that contributed to statin discontinuation, such as hospital admission, admission to a skilled nursing home, metastatic solid tumour, and initiation of enteral or oral feeding. All recommendations on study design to avoid time-related bias were applied and both prevalent user bias and potential bias related to competing risks were limited, as indicated in Supplementary material online, Table S2 .
This real-life study presents the fundamental limitations common to all observational studies using healthcare databases. Firstly, statin exposure was defined by prescriptions filled, but very few patients are likely to have not taken the dispensed pills, as all patients regularly filled their prescriptions. Secondly, detailed medical and socioeconomic characterization of patients was limited and lifestyle factors were not available. Certain cardiovascular risk factors, such as baseline LDL cholesterol level, tobacco use, obesity, and frailty markers, could therefore not be taken into account. Thirdly, and related to the second limitation, the exact reasons for statin discontinuation were unknown. However, the presence of major cardiovascular risk factors, indicated by cardiovascular drug use, comorbidities, and frailty indicators, was investigated both at baseline and continuously during follow-up and their association with treatment discontinuation was taken into account by the analytical method adopted. In particular, discontinuation of other cardiovascular drug therapies was corrected for. Discontinuation for statin-related adverse events was also likely less frequent in patients who had already tolerated treatment for at least 2 years. Moreover, analysis of hospital admissions for renal colic, as a negative control outcome, did not indicate the presence of a healthy-adherer bias.
Only a very small proportion of patients in the study population may have actually been treated in the context of secondary prevention, as such patients were excluded by the corresponding in-hospital diagnoses and clinical procedures, as well as drug therapy suggestive of secondary prevention. In fact, 28 .4% of the identified secondary prevention patients were detected only on the basis of drug therapy. Discontinuation of statin therapy was defined as at least three consecutive months without exposure to statins and a potential shortterm negative impact of statin discontinuation could therefore not be measured.
Unfortunately, the impact of statin discontinuation on cardiovascular mortality could not be studied, as causes of death were not yet included in the available databases.
Finally, the generalizability of our findings to a broader geographical context may also be limited because of the differences among countries with respect to the healthcare system, statin market, lifestyle, environment, and genetics. 14 
